This paper is intended in investigating the Automatic Generation Control (AGC) problem of a deregulated power system using Adaptive Neuro Fuzzy controller. Here, three area control structure of Hydro-Thermal generation has been considered for different contracted scenarios under diverse operating conditions with non-linearities such as Generation Rate Constraint (GRC) and Backlash. In each control area, the effects of the feasible contracts are treated as a set of new input signals in a modified traditional dynamical model. The key benefit of this strategy is its high insensitivity to large load changes and disturbances in the presence of plant parameter discrepancy and system nonlinearities. This newly developed scheme leads to a flexible controller with a simple structure that is easy to realize and consequently it can be constructive for the real world power system. The results of the proposed controller are evaluated with the Hybrid Particle Swarm Optimisation (HCPSO), Real Coded Genetic Algorithm (RCGA) and Artificial Neural Network (ANN) controllers to illustrate its robustness.
Introduction
Nowadays, soft computing techniques and Artificial Intelligence plays a major role in all kinds of fields. Here, Adaptive Neuro Fuzzy Inference system (ANFIS) approach is applied to power system problem so as to regulate the power flow. The escalation in size and convolution of electric power industry along with increase in power demand has necessitated the use of intelligent systems that combine knowledge, techniques and methodologies from various sources for the real-time control of power systems.
The electric power trade at present is largely in the hands of Vertically Integrated Utilities (VIU) which possess generation, transmission and distribution systems facilitates to supply power to the customer at regulated tariff. The major revolutionize that has arisen be the emergence of Independent Power Producer (IPP) that can sell power to VIU. Given the present situation, it is generally agreed that the first step in deregulation will be to separate the generation of power from the transmission and distribution, thus putting all the generation on the same footing as the IPP. In an interconnected power system, a sudden load perturbation in any area causes the deviation of frequencies of all the areas and also in the tie-line powers. This has to be corrected to ensure the generation and distribution of electric power with good quality. This is accomplished by Automatic Generation Control (AGC). The main objectives of AGC [1] [2] are to be maintained the desired MegaWatt output and the nominal frequency in an interconnected power system besides maintaining the net interchange of power between control areas at predetermined values. The AGC task is carried out through the error signal produced during generation and net interchange between the areas (i.e.,) Area Control Error (ACE) [3] . 
where i b be the frequency bias coefficient of the i th area, i f ∆ be the frequency error of the i th area,
, , tie i j P ∆ be the tie line power flow error between i th area and j th area. With the restructuring of electric utilities, AGC requirements should be expanded to include the planning functions necessary to ensure the resources needed for AGC implementation are within the functional requirements. So most of the methods that may be proposed must have a good ability to track the contracted or un-contracted demands and can be used in a practical environment. A lot of studies have been made about AGC in a restructured power industry over last decades. These studies try to modify the conventional LFC system [4] to take into account the effect of bilateral contracts on the dynamics [5] and improve the dynamical transient response of the system under competitive conditions [6] - [8] . This paper proposes a control scheme that guarantees a minimum transient deviation and ensures zero steady state error. The stabilization of frequency oscillations in an interconnected power system [9] becomes challenging when implements in the future competitive environment. Consequently advanced economic, high efficiency and improved control schemes [10] [11] are required to ensure the power system reliability. The conventional load-frequency controller may no longer be able to attenuate the large frequency oscillation due to the slow response of the governor [12] [13] . A number of control strategies have been employed in the design of load frequency controllers in order to achieve better dynamic performance [13] [14] . Among the various types of load frequency controllers, the most widely employed is the conventional proportional integral (PI) controller [13] - [15] . Conventional controller is simple for implementation but takes more time and gives large frequency deviation. A number of state feedback controllers based on linear optimal control theory have been proposed to achieve enhanced performance [16] [17] . Fixed gain controllers are designed at nominal operating conditions and fail to provide best control performance over a wide range of operating conditions [18] . Subsequently, to keep system performance near its optimum, it is desirable to track the operating conditions and use updated parameters to compute the control. Adaptive controllers with self-adjusting gain settings have been proposed for LFC [17] [19]- [22] .
There has also been considerable research work attempting to propose better AGC systems based on modern control theory [16] , neural network [23] - [27] fuzzy system theory [19] and reinforcement learning [26] . Recent study confirms that ANFIS approach has also been applied to hydrothermal system [28] - [30] . All research during the earlier period in the area of AGC narrates interconnected two equal area thermal system and petite attention has been paid to AGC of unequal multi area systems [31] . Most of ancient time works have been centred in the region of the design of governor secondary controllers, and design of governor primary control loop. Apparently no literature has discussed AGC performance subject to simultaneous small step load perturbations in all area or the application of ANFIS technique to a multi-area power system.
In this paper, an effort has been made to apply ANFIS controller for the automatic generation control for the three area hydro-thermal restructured power system in consideration with GRC and backlash.
System Analyzed
In this multi source generating system, there are three control areas in which each areas has different combinations of GENCOs and DISCOs as shown in Figure 1 1 . Area 1 comprises of three GENCOs with thermal power system of reheat and hydro turbine combinations and two DISCOs, Area 2 comprises of two GENCOs with hydro and thermal (reheat turbine) combination and one DISCO, Area 3 consists of two GENCOs with hydro and thermal (reheat turbine) combination and two DISCOs as shown in Figure 2 .
In this restructured environment, any GENCO in one area may supply DISCOs in the same area as well as DISCOs in other areas. In other words, for restructured system having several GENCOs and DISCOs, any DISCO may contract with any GENCO in another control area independently by Bilateral Transaction. The transactions should be made through an independent system operator (ISO). The primary intention of ISO is to control many ancillary services, one of which is AGC. In open access scenario, any DISCO has the freedom to purchase MW power at competitive price from different GENCOs, which may or may not have contract with the same area as the DISCO. The contracts of GENCOs and DISCOs described by "DISCO participation matrix" (DPM). The DPM for the nth area power system is as follows: 
In DPM, the number of rows is equal to the number of GENCOs and the number of columns is equal to the number of DISCOs in the system. Any entry of this matrix is a fraction of total load power contracted by a DISCO towards a GENCO [24] . The sum of total entries in a column corresponds to one DISCO be equal to one (i.e.,) 
where, The Augmented Generation Participation Matrix (AGPM), which depicts (3) the effective participation of DISCO with various GENCOs in all the areas with nonlinearities. The Sum of all entries in each column of AGPM is unity. To demonstrate the effectiveness of the modeling strategy and proposed control design, a three control area power system is considered with nonlinearities. While there are many GENCOs in each area, the ACE signal has to be distributed among them due to their ACE participation factor in the AGC task.
The scheduled contracted power exchange is given [13] :
, , 
, , , tie i error tie i actual i
is the desired total power generation of a GENCO k in area i, moreover should track the demand of the DISCOs in contract with it in the steady state.
In a power system having steam plants, power generation can change only at a specified maximum rate. The structure for i th area in the presence of GRC is shown in Figure 3 . A typical value of the generation rate constraint (GRC) for thermal unit is 3%/min, i.e., GRC for the thermal system is ( ) 0.0005 p.u.MW s PGt t ∆ ≤ Two limiters, bounded by ±0.0005 are employed within the AGC of the thermal system to prevent the excessive control action. Likewise, for hydro plant GRC of 270%/min. for raising generation and 360%/min. for lowering generation has been deemed. Thus, for Raising,
The generation rate constraints for all the areas have been engaged keen on adding limiters to the turbines.
Governor Dead band is none other than the total quantity of a sustained speed change when there is no resulting change. Though, the speed governor characteristics are nonlinear they are approximated for linear analysis. The limiting value of governor dead band is 0.06% [26] . One of the effects of governor dead band is to raise the obvious steady state speed regulation, R. Turbine-Governor Dead bands are found due to backlash in the linkage connecting the piston to the camshaft [23] . Backlash is the nonlinearity which causes governor dead band and tends to produce continuous sinusoidal oscillations with a natural period of about 2 secs.
ANFIS Approach
The Hybrid combination of neural and fuzzy is considered to be an adaptive network, which has no synaptic weights, however they have adaptive and non-adaptive nodes. The adaptive network can be simply transformed to neural network architecture with classical feed forward topology. This proposed network is functioning very similar to adaptive network simulator of Takagi-Sugeno's fuzzy controllers. This adaptive network is operationally comparable to a fuzzy inference system (FIS). ANFIS adjusts the entire parameters using back propagation gradient descent and least squares type of method for non-linear and linear parameters, respectively by the provided set of input/ output data [23] [28] . The fuzzy reasoning is expressed as Rule 1: If x is A 1 and y is B 1 , then Figure 4 shows a 2-input, type-3 ANFIS with 9 rules. Three membership functions are associated with each input, so the input space is partitioned into 9 fuzzy subspaces, each of which is governed by fuzzy if-then rules. The premise part of a rule defines a fuzzy subspace, while the consequent part specifies the output within this fuzzy subspace. The node functions in the same layer are of the same function family as described below. Layer 1 is the input layer. Neurons in this layer simply pass external crisp signals to Layer 2. Layer 2 is the fuzzification layer. Neurons in this layer perform fuzzification based on Gaussian membership function. If x be the input to node i, and i A is the linguistic associated with this node function. In other words,
O is the membership function of i A and it indicates the degree to which the given x satisfies the measure i A . Layer 3 is the rule layer. Each neuron in this layer corresponds to a single Sugeno-type fuzzy rule. A rule neuron receives inputs from the respective fuzzification neurons and calculates the firing strength of the rule it represents. In an ANFIS, the conjunction of the rule antecedents is evaluated by the operator product. Layer 4 is the normalisation layer. Each neuron in this layer receives inputs from all neurons in the rule layer, and calculates the normalised firing strength of a given rule. The normalised firing strength is the ratio of the firing strength of a given rule to the sum of firing strengths of all rules. It represents the contribution of a given rule to the final result.
Layer 5 is the defuzzification layer. Each neuron in this layer is connected to the respective normalisation neuron, and also receives initial inputs, x and y. The weighted average defuzzification method is employed here, it is shaped by weighting each membership function in the output by its respective maximum membership value. Layer 6 is represented by a single summation neuron. This neuron calculates the sum of outputs of all defuzzification neurons and produces the overall ANFIS output, z.
The Multi Layer Perceptron (MLP) structure model of ANN is exercised for AGC of three unequal area Hydro-Thermal system. Examinations has confirmed that ANNs have a broad number of application in the power engineering due to many virtues [29] [30] such as capability of synthesize multifaceted and discernible planning, briskness due to parallel mechanism, robustness and fault forbearance.
In this article, ANFIS controller in MATLAB/Simulink, which is an advance adaptive control configuration of ANN, has been proposed. The proposed ANN controller uses back propagation through-time algorithm. The back-propagation technique is an iterative method employing the gradient decent algorithm for minimizing the minimum square error between the actual output and the objective for each pattern in the training. Then update the network weights in a recursive algorithm starting from the output layer and working backward to the first hidden layer. The learning process of ANFIS system acquires the semantically properties of the underlying fuzzy system into account. The ANFIS system consists of the components of a conventional fuzzy system except that computation at every phase is carried out by a layer of hidden neurons and the neural network's learning capacity is offered to boost the system knowledge.
ANFIS Controller Design
This ANFIS controller make use of Sugeno-type fuzzy inference system (FIS) controller, with the parameters surrounded by the FIS determined by the neural-network back propagation method. The ANFIS controller is designed by taking ACE and its derivative (d(ACE)/dt) as the inputs. The output stabilizing signal is worked out by using the fuzzy membership functions depending on these variables. ANFIS-Editor is used for realizing the system and for putting into practice. The fuzzy controller employs 49 rules and 7 membership functions in each variable to resolve output.
The procedure for designing ANFIS controller in MATLAB Simulink is as follows: 1) Sketch the Simulink model with fuzzy controller and simulate it with the specified rule base.
2) Collect the training data while simulating the model.
3) The two inputs, i.e., ACE and d(ACE)/dt and the output signal provides the training data. 
Simulation Results and Discussion
The AGC problem of three area deregulated power system is considered here with the non-linearities. Hybrid combinations of Neuro and fuzzy is used as a controller to evaluate frequency and tie-line responses of multi source power system. The simulations are carried out for the possible electricity contracts and also for large demand variations using HCPSO, RCGA, ANN controllers and the results were compared. Table 1 depicts tie line power deviations for all the scenarios using the various controllers. The values show that the tie line power exchange between the areas, ANFIS controller reaches the exact exchange of power between the areas with minimum deviations compared to other controllers. Table 2 shows the comparison of GENCO power deviation for the three scenarios with theoretical and the simulated values by Equation (10) . In this ANFIS accomplish its controller task perfectly in getting the same value as it gains in theoretical calculation. The plant parameters for three area deregulated power system used for modeling the control structure is presented in Table 3 . The results illustrate that proposed controller proves good dynamic performance over the others in terms of settling time, overshoot and undershoot ( Table 4 and Table 5 ).
Scenario 1 Poolco Based Transactions
In this scenario, GENCOs take part only in the load pursuing the control of their areas. The transaction among DISCOs and available GENCOs is being simulated based on the following AGPM by Equation (3). The variations in tie line power flows and frequency is shown in Figure 5 and Figure 6 and the values are depicted in Table 4 and Table Table 3 . Power system plant and control parameters. 
Scenario 2 Synthesis of Poolco and Bilateral Based Transactions
In this case, DISCOs have the liberty to deal with any of the GENCOs within or with other areas. The AGC assignment accomplished through the following AGPM. The inconsistency based on this transaction is shown in Figure 7 and Figure 8 prevailing to frequency and tie line power deviations ( Table 4 and Table 5 ). The simulated characteristics illustrate that in this case also ANFIS provides better performance in reaching its steady state. 
Scenario 3 Contract Violation
In this scenario, the DISCOs may defy the contracts by demanding more power than that stated in the contract. This excessive power is revealed as a located load of that area (un-contracted demand). This case has been carried out for various demand condition such as 10%, 20% and 30% which is depicted in Table 6 and Table 7 . In all the load disturbances cases, ANFIS gains a good performance measures. The intention of this scenario is to test the effectiveness of the proposed controller against the uncertainties and sudden large load disturbances in the presence of GRC and backlash. Figure 9 and Figure 10 show the 10% rise in demand (presented in Table 4 and Table 5 ) of discos in all the three areas. The characteristics thus derived demonstrate that ANFIS is being a best one to provide the steady state deviations with minimum overhooot, undershoot and also it settles quickly compared to other controllers. The Deviation in tie line power flows for these possible contracts are presented in Table 4 . The results thus obtained through simulation depicts that the proposed ANFIS controller holds good performance as compared to RCGA, HCPSO and ANN controllers for all possible contracts and for wide range of load disturbances.
Conclusion
Adaptive Neuro Fuzzy approach is employed to AGC problem in deregulated power system. The proposed controller proves its capability in organizing the different areas of deregulated power system in the presence of nonlinearites. This controller achieves reliability over tracking frequency and tie line power deviations for a wide range of load disturbances and system uncertainties. The simulation result carves out its robust performance with reduced overshoot, undershoot and settling time while compared to RCGA, HCPSO and ANN controllers. The Artificial Intelligence has bench marked its effectiveness in Automatic Generation Control and it is best suitable for real time power system to get online coordination for the deregulated environment. 
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